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1.0 INTRODUCTION

Lamprey ammocoetes are the only detritivorous fish present in the Lower Willamette
River (LWR). Four species of lamprey may exist in the LWR, and of these, the Pacific
lamprey (Lampetra tridentate) was selected as the representative species for detritivorous
fish (Integral et al. 2004). In the Portland Harbor Remedial Investigation/Feasibility
Study Programmatic Work Plan (Integral et al. 2004), a tissue-residue approach was
proposed to assess risks to lamprey ammocoetes. Tissue residues were to be compared to
toxicity reference values (TRVs) from the scientific literature. The suitability of using
TRVs for surrogate species to assess risks to lamprey ammocoetes was later questioned
by the US Environmental Protection Agency (EPA) and its partners during the Round 3
data gaps analysis, and they requested acute toxicity testing to compare lamprey
ammocoetes sensitivity against published toxicity data for the most sensitive surrogate
species (EPA 20006).

The first phase of the acute toxicity testing was conducted in the fall of 2006; the second
phase is planned for the spring/summer of 2007. This data report describes the objectives,
methods, and procedures used during the Phase 1 toxicity testing with lamprey
ammocoetes (Lampetra sp.) and the results of the testing.

1.1 OBJECTIVES OF TOXICITY TESTING

The specific objectives of the Phase 1 lamprey ammocoete collection and testing effort
were to:

e Establish proper methods for the collection of lamprey
ammocoetes, including holding in the field and transport to
the laboratory

e Establish proper methods for holding the ammocoetes in the
laboratory, including feeding and temperature regimens

e Establish the proper exposure system, including size of
exposure chambers, rate of flow through, and feeding
requirements

e Perform range-finding toxicity tests with the following six
chemicals: copper, aniline, pentachlorophenol, naphthalene,
diazinon, and lindane

As stated in the objectives, the primary goal of the Phase 1 sampling and testing effort
was to ensure that ammocoetes could be collected and transported to the laboratory in
good condition and that the ammocoetes could be successfully maintained and tested
under laboratory conditions. A proper exposure system was developed for the static
renewal testing; the development of the flow-through system was proposed for the Phase
2 testing. Range-finding tests were conducted with copper, aniline, pentachlorophenol,

DO NOT QUOTE OR CITE 1
This document is currently under review by US EPA and its federal,
state, and tribal partners, and is subject to change in whole or in part.



LWG Portland Harbor RI/FS

Lower Willamette Group Round 3 Lamprey Toxicity Testing Report
April 6, 2007

diazinon, and lindane. Because of the high volatility of naphthalene, the range-finding
test with naphthalene was delayed until Phase 2 when it will be conducted as a flow-
through test.

1.2 REPORT ORGANIZATION

The remaining sections of this document describe the field sampling procedures,
laboratory holding methods, and toxicity tests of the lamprey ammocoetes. Section 2.0
presents the sampling procedures, and Section 3.0 describes laboratory methods. The
toxicity test and temperature test results are presented in Section 4.0; cited references are
listed in Section 5.0. Supporting information, including field collection logbooks and
chain-of-custody forms are provided in Appendix A. The toxicity testing report from
Northwestern Aquatic Sciences (NAS), including all raw laboratory data, is presented in
Appendix B. The validation report for the toxicity testing is presented in Appendix C,
and the validation report for the water chemistry is presented in Appendix D. Photo
documentation of the field collection, holding facility, and toxicity testing is presented in
Appendix E.
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This section described the methods used to collected lamprey ammocoetes in the field,
including water quality parameters measured in the Siletz River.

2.1 AMMOCOETE COLLECTION

Lamprey ammocoetes were collected from the main stem of the Siletz River near the
Cedar Creek confluence near Newport, Oregon, on October 17 and 18 and October 23
and 24, 2006 (Figure 2-1). The sampling location was selected upon consultation with
Stan Van de Wetering of the Siletz Tribe and was reached on foot. The permitted
maximum number of 800 lamprey ammocoetes was collected from an area covering
approximately 125 ft*. The water temperature was measured daily before the sampling
effort was initiated. The substrate was mostly medium to fine sands with a silty surface
layer and some leaf litter. The sampling water depths ranged from 4 to 6 in. up to
approximately 2 ft. The sampling dates, daily estimated catch of ammocoetes, and water
quality parameters are presented in Table 2-1.

Table 2-1. Lamprey ammocoetes collection information

Estimated Field Laboratory Hardness | Alkalinity Dissolved
Collection No. of Temperature | Temperature (mg/L as (mg/L as pH Oxygen Conductivity
Date Ammocoetes () o)y CaCOy) CaCOy) (unitless) (mg/L) (umhos/cm)
10/17/2006 58 12.9 13.6 26 20 5.3 8.2 62
10/18/2006 250 12.6 12.4 26 20 6.0 9.6 95
10/23/2006 200 12.1 11.5 26 20 6.8 8.4 75
10/24/2006 300 11.8 10.6 51 90 6.0 8.8 150

a

Measured in the coolers at delivery.

CaCO; — calcium carbonate

A Smith-Root, Inc., LR-24 dual-train backpack electroshocker was used during the
collection. An initial setting of 3 pulses per second (pps) and 25% duty cycle was
selected to withdraw the ammocoetes from the sediment, and a second setting of 30 pps

and 25% duty cycle was applied to stun and capture the ammocoetes. Captured

ammocoetes were placed in a pre-cleaned cooler partially filled with site water and
approximately 6 in. of site sediment. Fifty ammocoetes were placed in each cooler.

Frozen gel packs were affixed to the inside lids of the coolers to keep the water

temperature cool during holding and transport to the laboratory. At the end of the
sampling day, the coolers were then filled with additional site water before being
transported to NAS in Newport, Oregon. Photos of the sampling effort are presented in
Appendix E.

This document is currently under review by US EPA and its federal,
state, and tribal partners, and is subject to change in whole or in part.
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2.2 DEVIATIONS FROM THE FSP

The collection of lamprey ammocoetes in the field was performed with no deviations
from the FSP.
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3.0 LABORATORY METHODS

This section describes the methods used to hold the lamprey ammocoetes in the
laboratory, the toxicity and temperature testing methods, the analytical methods of the
confirmatory water samples, and deviations from the FSP and quality assurance plan
(QAPP).

3.1 LAMPREY AMMOCOETE HOLDING

Upon receipt of the ammocoetes at the laboratory, the water temperature was measured in
the coolers, and the ammocoetes were transferred into 10-gal. tanks with approximately
50 organisms per tank. The tanks contained approximately 2 to 3 in. of sediment and 26
L of water that was aerated. The water was supplied using a flow-through system at a rate
of approximately 35 mL/minute (approximately two volume changes per day). In
addition, two-thirds of the water volume in each tank were replaced daily. The tanks were
held at a temperature of 12.3° &+ 0.5° C and ambient laboratory lightning (50 to 73 foot-
candles) at a daily photoperiod of 16 hours of light and 8 hours of darkness.

Upon receipt of all ammocoetes, a representative subsample of six ammocoetes was
selected, and the six ammocoetes were weighed and measured for length. They ranged
from 28 to 84 mm in length and from 0.04 to 0.78 g in weight. The ammocoetes were
acclimated in the laboratory for 2 to 3 weeks before testing was initiated. Normal
behavior for lamprey ammocoetes is to immediately burrow in sediment and remain
there. If any individuals are observed swimming around and not burrowing, it is an
indication that the ammocoetes are under some sort of stress. A total of six lamprey were
found dead on the sediment surface within the first few days after laboratory receipt of
the animals, probably from being damaged during field sampling. Four lamprey from the
10/18/06 batch died, and two lamprey from the 10/24/06 batch died. None of these
animals were able to burrow in the sediment. All other lamprey ammocoetes burrowed in
the sediment and were not observed swimming in the water column. Lamprey
ammocoetes were not fed during the first month of holding on the recommendation of
William Swink, MS, a research fishery biologist with the US Geological Survey (USGS)
at the Hammond Bay Biological Station.' Table 3-1 summarizes the water quality
conditions in the tanks during the first 4 weeks of holding. Additional details on the
ammocoete holding conditions are presented in Appendix B.

! Mr. Swink has more than 15 years of experience working with sea lamprey, including culture of larval lampreys;
effects of density on growth of larvae; and survival, growth, and feeding of newly metamorphosed lampreys.
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Parameter Unit Mean = SD
Temperature °C 123+£0.5
Dissolved oxygen mg/L 10.9+0.6
pH unitless 7.6+0.4
Conductivity pmhos/cm 129+5
Hardness mg/L as CaCO, 48 £4
Alkalinity mg/L as CaCO; 44 +9

CaCO; — calcium carbonate

SD — standard deviation

April 6,2007

After completion of the last range-finding test, the remaining lamprey ammocoetes were
fed 50 mL of yeast slurry (2 g yeast in 400 mL water). The flow was turned off prior to
feeding and resumed after 24 hours. After feeding, the ammocoetes were separated into
two different temperature-controlled rooms (12° and 17° C). The ammocoetes that were
placed in the 17° C room were acclimated for 10 days before the temperature test was
initiated. Table 3-2 summarizes the water quality conditions in the tanks during the 10
days of holding. After initiation of the first temperature test, the temperature in the room
that was held at 17° C was raised to 22° C. The ammocoetes were acclimated for 7 days
to the 22° C before the second temperature test was initiated. Table 3-3 summarizes the
water quality conditions in the tanks during the 7 days of holding. All remaining lamprey
ammocoetes were destroyed after successful completion of the second temperature test.

Table 3-2. Water quality conditions during the 12° C versus 17° C holding

Parameter Unit 12° C Mean + SD 17° C Mean + SD
Temperature °C 11.7+£0.2 153+1.8°
Dissolved oxygen mg/L 11.3+0.2 10.0+0.7
pH unitless 7.5+0.1 7.5+0.2
Conductivity pmhos/cm 136 £9 138+ 6
Hardness mg/L as CaCO; 57+5 58+4
Alkalinity mg/L as CaCO; 44 +7 44 +5

a

holding tank until the test initiation.

CaCO; — calcium carbonate

SD — standard deviation

DO NOT QUOTE OR CITE
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Table 3-3. Water quality conditions during the 12°C versus 22°C holding

Parameter Unit 12° C Mean + SD 22°C Mean £ SD
Temperature °C 11.6+0.4 19.7+1.8°
Dissolved oxygen mg/L 10.9+0.3 8.8+0.1
pH unitless 7.2+0.2 7.3+0.1
Conductivity pmhos/cm 134+ 9 153+9
Hardness mg/L as CaCO; 55+5 51+0
Alkalinity mg/L as CaCO; 39+4 39+8

April 6,2007

*  The mean temperature includes all measurements from the initiation of the temperature increase in the
holding tank until the test initiation.
CaCO; — calcium carbonate

SD — standard deviation

3.2 LAMPREY AMMOCOETE TESTING

Phase 1 toxicity testing consisted of range-finding tests with five of the six chemicals
(i.e., copper, aniline, pentachlorophenol, diazinon, and lindane). Static renewal testing
with naphthalene was explored. However, because of the volatility of this chemical, it
was decided, in cooperation with EPA and its partners, to postpone testing with
naphthalene until the flow-through testing effort in Phase 2. The range-finding tests were
96-hour static renewal tests (water-only tests). The tests were conducted with a control
and four widely spaced concentrations in a logarithmic series. The tests included one
replicate that contained five ammocoetes for each concentration and the control. The
loading rate ranged from 0.38 to 1.05 g of organism/L. The tests were conducted in soft
water (45 = 9 mg/L as CaCQs), at a temperature of 12° £ 1.0° C, and with a light cycle of
16 hours of light and 8 hours of darkness at a light intensity ranging from 50 to 73 foot-
candles. The ammocoetes were not fed during the range-finding tests. At 48 hours into
the test, approximately 80% of the water was renewed. The numbers of live and dead
ammocoetes were counted daily and at test termination in the control and the four test
concentrations. At test termination, the lengths and weights of all control ammocoetes
were measured. The average length was 67 + 11 mm, and the average weight 0.45 +

0.20 g.

The concentrations of the five chemicals (i.e., copper, pentachlorophenol, lindane,
diazinon, and aniline) used in the range-finding tests were selected by NAS based on
LC50s (concentrations that are lethal to 50% of an exposed population) for other fish
presented in literature, the results of the small, preliminary range-finding tests conducted
prior to the range-finding tests, and best professional judgment. The small, preliminary
range-finding tests consisted of 96-hour exposures of a single lamprey ammocoete in one
replicate to a wide range of concentrations for each chemical. The number of
concentrations ranged from three and a control for naphthalene to six and a control for
copper. Thus, for example, the preliminary range-finding test for copper was conducted
on seven ammocoetes in seven replicates, each exposed to a different concentration.
Based on the preliminary range-finding test with naphthalene and additional chemistry

DO NOT QUOTE OR CITE 8
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work (getting the naphthalene into solution and keeping it in solution), testing with
naphthalene was delayed until Phase 2.

The nominal concentrations prepared for each chemical by the toxicity testing laboratory
and used in the range-finding tests were confirmed through chemical analyses. Water
samples were collected from the control and each test concentration at test initiation,
48-hour renewal (new and old solutions), and test termination. Additional information on
chemical purity and the preparation of stock solutions is presented in Appendix B.

After completion of the range-finding tests, additional testing, as requested by EPA and
its partners, was performed to evaluate the effects of temperature on lamprey
ammocoetes. Two temperature tests were performed: one comparing survival in 12°C
water with survival in 17°C water, and another comparing survival in 12°C water with
survival in 22°C water. These tests were performed in four replicates with five organisms
per replicate.

Because there is no standard protocol for acute toxicity testing with lamprey
ammocoetes, the test procedures were based on the methods for measuring acute toxicity
with other fish species as described in EPA (2002) and American Society for Testing and
Materials (ASTM) (1996) guidance. The test conditions and test acceptability criterion
are summarized in Table 3-4.

Table 3-4. Summary of test conditions for the 96-hour acute range-finding toxicity
tests and temperature tests with lamprey ammocoetes (Lampetra sp.)

Parameter Condition or Regimen
Test type static renewal
Test duration 96 hours
Temperature 12°+1°C; 17°+1°C;and 22° £ 1° C
Light quality ambient laboratory
Illuminance 49.5 to 73.0 foot-candles
Photoperiod 16 light:8 dark
Test chamber size 9.5-L glass aquaria covered with Plexiglas plates
Solution volume 2.8 L per aquarium
Renewal of test solution once at 48 hours
Test organisms lamprey ammocoetes
Number of test treatments 4 test treatments for the range-finding tests
Number of replicates per 1 replicate for the range-finding tests; 4 replicates for the temperature
treatment tests
Organisms per replicate 5 organisms per replicate (loading rate between 0.38 and 1.05 g/L)
Number of organisms per 5 organisms per exposure concentration in range-finding tests;
exposure concentration 20 organisms per exposure temperature in temperature tests
Test chamber cleaning none
Feeding none
Aeration gentle aeration not exceeding 100 bubbles/min.
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Table 3-4. Summary of test conditions for the 96-hour acute range-finding toxicity
tests and temperature tests with lamprey ammocoetes (Lampetra sp.)

Parameter Condition or Regimen
Dilution water de-chlorinated municipal tap water with a hardness of 45 £ 9 mg/L
spiked with the selected chemicals
Test concentrations 4 test concentrations and a control
Endpoint survival

Test acceptability criterion >90% survival in the control

3.3 WATER ANALYTICAL METHODS

The nominal test solution concentrations used in each 96-hour range-finding test were
confirmed by Columbia Analytical Services, Inc. (CAS), of Kelso, Washington. Test
solution samples were collected during test initiation, 48-hour renewal (new and old
solutions), and test termination and shipped to CAS. Samples were analyzed according to
the methods presented in Table 3-5.

Table 3-5. Laboratory Methods for the Analysis of Toxicity
Test Solution Samples

Laboratory Method
Sample
Chemical Preparation Quantitative Analysis
Copper EPA 3005/CLP EPA 200.8
Lindane EPA 3535 EPA 8081A
Diazinon EPA 3520C EPA 8141A
Aniline EPA 3520C EPA 8270C
Pentachlorophenol EPA 8151M EPA 8151M

EPA — US Environmental Protection Agency

Data validation was completed by EcoChem in Seattle, Washington. Data quality is
acceptable and meets the objectives of the lamprey toxicity study. EcoChem’s data
validation report is provided in Appendix D.

3.4 DEVIATIONS FROM THE FSP AND QAPP

Lamprey ammocoetes were not fed during the first month of holding on the
recommendation of William Swink, MS, a research fishery biologist with the USGS at
the Hammond Bay Biological Station. After chemical testing was completed, holding
was extended beyond the initial planned duration, so the remaining lamprey ammocoetes
were fed a yeast slurry based on the methods used by USGS at the Hammond Bay
Biological Station.

DO NOT QUOTE OR CITE 10
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Dilution water hardness was 51 mg/L as CaCOj3 in all batches of test water used. This is
slightly above the water hardness listed in the QAPP (< 50 mg/L). Collection site water
hardness ranged from 20 to 51 mg/L.

The loading rate of 1.1 g/L recommended in the EPA protocol (EPA 2002) and cited in
the QAPP was not exceeded. However, in the conditional approval letter received on
October 31, 2006, EPA recommended using the ASTM loading rate of 0.8 g of
organism/L. This lower loading rate was exceeded in the range-finding tests with aniline
(0.96 g/L), diazinon (0.93 g/L), 12°C versus 17°C (0.98 and 1.05 g/L, respectively), and
in 12°C of the 12°C versus 22°C (0.86 g/L).

Chemical analyses of the test solution samples were completed as described in the QAPP,
with one exception. Analyses for pentachlorophenol were completed using EPA method
8151M rather than method 8270C, which was stated in the QAPP. Method §151M
provides a lower detection limit at a lower cost than method 8270C and had been used for
the analysis of pentachlorophenol in sediment samples. The use of method 8151M did
not affect data quality and improved method sensitivity. There were no other deviations
from the QAPP during the analysis and validation of Phase 1 test solution samples.

Additional water samples at a frequency of 5% of the samples were not collected for
chemistry laboratory QC.
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4.0 TESTING RESULTS

The test results for the five range-finding tests are presented in Section 4.1, and the test
results from the temperature tests are presented in Section 4.2.

4.1 RANGE-FINDING TESTS

This section presents the test results and water quality conditions documented during the
range-finding test with the five chemicals. Temperature, dissolved oxygen, and pH were
measured daily in all concentrations. Conductivity, hardness, and alkalinity were
measured daily in the control and highest concentration.

4.1.1 Copper
The 96-hour range-finding test with copper was initiated November 9, 2006, and
terminated November 13, 2006. The daily survival rates documented throughout the test
and the nominal and mean measured chemical concentrations are presented in Table 4-1.
The test met the acceptability criterion of > 90 percent survival in the control. The
concentrations of copper measured throughout the test are presented in Table 4-2; water
quality conditions are summarized in Table 4-3.

Table 4-1. Daily survival of ammocoetes and chemical concentrations of copper

Concentration (ug/L) Number of Surviving Ammocoetes
Measured Percent
Nominal Mean £ SD 0 hour | 24 hours | 48 hours | 72 hours | 96 hours | Survival
0 (control) 6.88 £ 1.69 5 5 5 5 5 100
1 748 £1.73 5 5 5 5 5 100
10 14.6 £3.42 5 5 5 5 5 100
100 84.9+6.83 5 5 5 5 2 40
1,000 1,020 + 59 5 0 0 0 0 0
SD = standard deviation
Table 4-2. Copper concentrations throughout the range-finding test
Measured Concentration
Nominal (Hg/L)
Concentration 48 hours — 48 hours —
(ng/L) 0 hour Old Solution New Solution 96 hours
0 (control) 8.49 8.17 5.20 5.64
1 9.81 7.62 6.71 5.76
10 19.1 11.7 15.4 12.2
100 93.9 80.0 90.6 80.0°
1,000 1,070° 927 1,050 999
DO NOT QUOTE OR CITE 12
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Parameter Unit Mean + SD
Temperature °C 123+0.2
Dissolved oxygen mg/L 10.5+0.2
pH unitless 7.3+£0.2
Conductivity pmhos/cm 113+4
Hardness mg/L as CaCO; 51+£0
Alkalinity mg/L as CaCO; 40+0

CaCO; — calcium carbonate
SD — standard deviation

4.1.2 Aniline

The 96-hour range-finding test with aniline was initiated November 9, 2006, and
terminated November 13, 2006. The daily survival rate documented throughout the test
and the nominal and mean measured chemical concentrations are presented in Table 4-4.
The test met the acceptability criterion of > 90 percent survival in the control. The
concentrations of aniline measured throughout the test are presented in Table 4-5; water
quality conditions are summarized in Table 4-6.

Table 4-4. Daily survival of ammocoetes and chemical concentrations of aniline

Concentration (mg/L) Number of Surviving Ammocoetes
Measured 0 24 48 72 96 Percent
Nominal Mean £ SD Hour Hours Hours Hours Hours Survival
0 (control) | 0.017+0.019 5 5 5 5 5 100
1.0 0.795 +0.128 5 5 5 5 5 100
10 8.23+0.150 5 5 5 5 5 100
100 91.3+16.5 5 5 5 5 5 100
1,000 1,087 +£ 103 5 5 2 2 0 0
SD — standard deviation
Table 4-5. Aniline concentrations throughout the range-finding test
Measured Concentration
Nominal (mg/L)
Concentration 0 48 Hours — 48 Hours — 96
(mg/L) Hour Old Solution New Solution Hours
0 (control) 0.0027J 0.044 5817 157
1.0 0.61 0.81 0.89 0.87
10 8.3 8.3 8.3 8.0
100 100 75 110 80
1,000 1,100 950 1,200 1,100
J — estimated value
DO NOT QUOTE OR CITE 13
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Table 4-6. Water quality conditions during range-finding test with aniline

Parameter Unit Mean + SD
Temperature °C 126 +0.2
Dissolved oxygen mg/L 10.3+£0.2
pH unitless 7.4+0.1
Conductivity pmhos/cm 120+ 5
Hardness mg/L as CaCO; 51+0
Alkalinity mg/L as CaCO; 40 + 0 and 447 + 12°

a

CaCOs; — calcium

carbonate

SD — standard deviation

4.1.3 Pentachlorophenol

Alkalinity was 40 mg/L in the control and 447 mg/L in the highest concentration.

The 96-hour range-finding test with pentachlorophenol was initiated November 9, 2006,
and terminated November 13, 2006. The daily survival rate documentd throughout the
test and the nominal and mean measured chemical concentrations are presented in

Table 4-7. The test met the acceptability criterion of > 90 percent survival in the control.
The concentrations of pentachlorophenol measured throughout the test are presented in
Table 4-8; water quality conditions are summarized in Table 4-9.

Table 4-7. Daily survival of ammocoetes and chemical concentrations of

pentachlorophenol
Concentration (ug/L) Number of Surviving Ammaocoetes
Measured 0 24 48 72 96 Percent

Nominal Mean + SD Hour Hours Hours Hours Hours Survival
0 (control) 0.13+0.00 5 5 5 5 5 100
4 2.3+0.57 5 5 5 5 5 100
40 18 £ 0.50 5 5 5 5 5 100
400 210+ 0.41 5 0 0 0 0 0
4,000 2,075+ 320 5 0 0 0 0 0
SD — standard deviation
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Table 4-8. Pentachlorophenol concentrations throughout the range-finding test

Measured Concentration
Nominal (Hg/L)
Concentration 48 Hours — 48 Hours —
(ug/L) 0 Hour Old Solution New Solution 96 Hours
0 (control) 0.13U 0.13U 0.13U 0.13U
4 3 1.6 2.3 2.2
40 19 18 18 18
400 240 230 220 150
4,000 2,400 2,300 1,800 1,800

U — not detected
Table 4-9. Water quality conditions during range-finding test with

pentachlorophenol

Parameter Unit Mean = SD
Temperature °C 12.3+£0.2
Dissolved oxygen mg/L 10.4 £ 0.1
pH unitless 73+0.2
Conductivity pmhos/cm 1175
Hardness mg/L as CaCO; 51+0
Alkalinity mg/L as CaCO; 40+ 0

CaCO; — calcium carbonate
SD — standard deviation

4.1.4 Lindane
The 96-hour range-finding test with lindane was initiated November 9, 2006, and
terminated November 13, 2006. The daily survival rate documented throughout the test
and the nominal and mean measured chemical concentrations are presented in Table 4-
10. The test met the acceptability criterion of > 90 percent survival in the control. The
concentrations of lindane measured throughout the test are presented in Table 4-11; water
quality conditions are summarized in Table 4-12.

Table 4-10. Daily survival of ammocoetes and chemical concentrations of lindane

Concentration (pg/L) Number of Surviving Ammocoetes
Measured Mean 0 24 48 72 96 Percent

Nominal +SD Hour Hours | Hours | Hours | Hours | Survival
0 (control) 0.74+0.51 5 5 5 5 5 100
8 46=+1.5 5 5 5 5 5 100
80 36+ 16 5 5 5 5 5 100
800 345 £ 189 5 5 5 5 5 100
8,000 3,215+2,002 5 0 0 0 0 0
SD - standard deviation
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Table 4-11. Chemical concentrations of lindane throughout the range-finding test

Measured Concentration
Nominal (Ho/L)
Concentration 48 Hours — 48 Hours —
(ug/L) 0 Hour Old Solution New Solution 96 Hours
0 (control) 1.3 0.81 0.053 0.78J
8 53 2.8 6.1 4.0
80 47 17 50 28
800 430 220 570 160
8,000 4,400 260 4,500 3,700

J — estimated value

Table 4-12. Water quality conditions during range-finding test with lindane

Parameter Unit Mean = SD
Temperature °C 123+£0.2
Dissolved oxygen mg/L 10.3+0.2
pH unitless 74+0.1
Conductivity pmhos/cm 117+3
Hardness mg/L as CaCO; 51+0
Alkalinity mg/L as CaCO; 40+ 0

CaCO; — calcium carbonate
SD — standard deviation

4.1.5 Diazinon

The 96-hour range-finding test with diazinon was initiated November 16, 2006, and
terminated November 20, 2006. The daily survival rate documented throughout the test
and the nominal and mean measured chemical concentrations are presented in Table 4-
13. The test met the acceptability criterion of > 90 percent survival in the control. The
concentrations of diazinon measured throughout the test are presented in Table 4-14;
water quality conditions are summarized in Table 4-15.

Table 4-13. Daily survival of ammocoetes and chemical concentrations of diazinon

Concentration (ug/L) Number of Surviving Ammocoetes
Measured 0 24 48 72 96 Percent

Nominal Mean £ SD Hour Hours | Hours | Hours | Hours | Survival
0 (control) 25+1.7 5 5 5 5 5 100
40 23+16 5 5 5 5 5 100
400 190 + 70 5 5 5 5 5 100
4,000 1,518 + 825 5 5 5 5 5 100
40,000 13,175 + 5,960 5 5 0 0 0 0
SD — standard deviation

DO NOT QUOTE OR CITE 16

This document is currently under review by US EPA and its federal,
state, and tribal partners, and is subject to change in whole or in part.



LWG

Lower Willamette Group

Portland Harbor RI/FS
Round 3 Lamprey Toxicity Testing Report
April 6, 2007

Table 4-14. Chemical concentrations of diazinon throughout the range-finding test

Measured Concentration
Nominal (Ho/L)
Concentration 48 Hours — 48 Hours —
(ug/L) 0 Hour Old Solution New Solution 96 Hours
0 (control) 4.5 2.6 0.31 2.6
40 29 6.2 41 14
400 190 100 270 200
4,000 1,800 570 2,500 1,200
40,000 16,000 6,700 20,000 10,000

Table 4-15. Water quality conditions during range-finding test with diazinon

Parameter Unit Mean = SD
Temperature °C 11.9+0.1
Dissolved oxygen mg/L 10.5+0.1
pH unitless 7.2+0.1
Conductivity pmhos/cm 119+4
Hardness mg/L as CaCO; 51+£0
Alkalinity mg/L as CaCO; 32+4

CaCOs; — calcium carbonate
SD — standard deviation

4.2 TEMPERATURE TESTS

This section presents the test results and water quality conditions taken during the two
temperature tests. Temperature, dissolved oxygen, and pH were measured daily in all
concentrations. Conductivity, hardness, and alkalinity were measured daily in the control
and highest concentration.

4.2.1 Temperature 12°C versus 17°C
The 96-hour temperature test was initiated December 1, 2006, and terminated
December 5, 2006. The daily survival rate documented throughout the test is presented in
Table 4-16. The test met the acceptability criterion of > 90 percent survival in the control.
The water quality conditions are summarized in Table 4-17.

DO NOT QUOTE OR CITE 17
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Table 4-16. Daily survival of ammocoetes at 12° and 17° C

Number of Surviving Ammocoetes Percent Survival
Temperatur 0 24 48 72 96
e(°C) Replicate Hour | Hours | Hours | Hours | Hours | Replicate | Mean
12° (control) 1 5 5 5 5 5 100
2 5 5 5 5 5 100 100
3 5 5 5 5 5 100
4 5 5 5 5 5 100
17° 1 5 5 5 5 5 100
2 5 5 5 5 5 100
100
3 5 5 5 5 5 100
4 5 5 5 5 5 100

Table 4-17. Water quality conditions during the 12° versus 17° C temperature test

Parameter Unit 12°C Mean £ SD 17°C Mean + SD
Temperature °C 123+0.2 16.9+04
Dissolved oxygen mg/L 10.7+0.4 9.1+0.3
pH unitless 72+03 7.1£0.2
Conductivity pmhos/cm 123+ 4 134 +7
Hardness mg/L as CaCO; 51+£0 51+£0
Alkalinity mg/L as CaCOs; 30+£0 30+£0

CaCO; — calcium carbonate
SD — standard deviation

4.2.2 Temperature 12°C versus 22°C
The 96-hour temperature test was initiated December 8, 2006, and terminated
December 12, 2006. The daily survival rate documented throughout the test is presented
in Table 4-18. The test met the acceptability criterion of > 90 percent survival in the
control. The water quality conditions are summarized in Table 4-19.

Table 4-18. Daily survival of ammocoetes at 12° and 22° C

Number of Surviving Ammocoetes Percent Survival
Temperatur 0 24 48 72 96
e (°C) Replicate | Hour | Hours | Hours | Hours | Hours | Replicate | Mean
12° (control) 1 5 5 5 5 5 100
2 5 5 5 5 5 100 100
3 5 5 5 5 5 100
4 5 5 5 5 5 100
DO NOT QUOTE OR CITE 18
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Number of Surviving Ammocoetes

Percent Survival

Temperatur 0 24 48 72 96
e (°C) Replicate | Hour | Hours | Hours | Hours | Hours | Replicate | Mean
22° 1 5 5 5 5 5 100
2 5 5 5 5 4 80 95
3 5 5 5 5 5 100
4 5 5 5 5 5 100

Table 4-19. Water quality conditions during the 12° versus 17° C temperature test

Temperature Test
Parameter Unit 12° C Mean + SD 22° C Mean £ SD
Temperature °C 122+0.3 223+0.5
Dissolved oxygen mg/L 10.5+0.4 83+03
pH unitless 7.1+£0.2 7.2+£02
Conductivity pmhos/cm 120 £ 8 146 +9
Hardness mg/L as CaCO; 51+0 51+0
Alkalinity mg/L as CaCO; 33+6 37+6

CaCO; — calcium carbonate
SD — standard deviation
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5.0 CONCLUSIONS

The specific objectives of the Phase 1 lamprey ammocoete collection and testing effort
stated in Section 1.1 were all met with two exceptions. A range-finding test with
naphthalene could not be performed using the static renewal method because of the
volatility of the chemical. Therefore, the range-finding test with naphthalene was delayed
until Phase 2 testing when it will be performed as a flow-through test. Similarly, the
development of a proper flow-through exposure system was delayed until Phase 2.
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NORTHWESTERN AQUATIC SCIENCES_

TOXICITY TEST REPORT

TEST IDENTIFICATION
Test Nos.; 686-31 through 37
Title: Lamprey (Lampetra sp.) ammocoete acute, static renewal range-finding toxicity testing with lamprey
ammocoetes (Lampetra sp.) in support of the Portland Harbor remedial investigation (RI).
Protocol No.: NAS-686-Lamprey-rf, October 11, 2006 draft.

Study Obijectives: The study objectives for the laboratory were to: 1) establish proper methods for holding the
ammocoetes in the laboratory, including feeding and temperature regimens; 2) establish the proper exposure
system, including size of exposure chambers, flow rate, and feeding regimen; and 3) perform range-finding
toxicity tests with the following six chemicals: copper, aniline, pentachlorophenol, naphthalene, diazinon, and
lindane. After the study was initiated, naphthalene was dropped from the range-finding testing and testing at
two higher temperatures was added.

STUDY MANAGEMENT

Study Sponsor: Windward Environmental, Inc., 200 West Mercer Street, Suite 401, Seattle, WA 98119,
Sponsor's Study Monitor: Ms. Helle Andersen
Testing Laboratory: Northwestern Aquatic Sciences, P.O. Box 1437, Newport, OR 97365.
Test Location: Newport Laboratory.
Laboratory's Study Personnel: Richard S. Caldwell, Ph.D., G.A. Buhler, B.S,, Proj. Man./Study Dir.; L.K. Nemeth,
B.A., M.B.A., Acting Lab Director and QA Officer; G.J. Irissarri, B.S., Aq. Toxicol.; G. Hutchinson, B.S., Tech.
Study Schedule: The study began on September 28, 2006 with preparations to receive and hold lamprey in the
laboratory. The study schedule required holding the lamprey for two to three weeks after receipt in order to
determine whether lamprey ammocoetes could be held successfully in the laboratory. After two to three weeks
of holding, four chemicals (aniline, copper, pentachlorophenol, and lindane) were tested on 11-9-06 in 96-hr
static renewal tests. Diazinon was tested on 11-16-06. Naphthalene was dropped from the range-finding phase
of the study due to the difficulty of keeping it in solution. After the chemical testing started, two more tests
were requested fo assess the ability of lamprey to acclimate to and survive in water-only tests at higher

- temperatures (17°C and 22°C). The temperature testing was conducted with remaining lamprey ammocoetes
following the successful completion of chemical testing. On 11-21-06, at the end of all chemical testing,
remaining organisms were fed, then ammocoetes were separated into different temperature-controlled rooms to
acclimate to temperatures for the 96-hr temperature tests which were initiated on 12-1-06 (17°C) and 12-8-06
(22°C). The final test ended on 12-12-06.
Disposition of Study Records: All specimens, raw data, reports and other study records are stored according to
Good Laboratory Practice regulations at Northwestern Aquatic Sciences, 3814 Yaquina Bay Rd., Newport, OR
97365.
Good Laboratory Practices: The test was conducted following the principles of Good Laboratory Practices
(GLP) as defined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 (40 CFR
Part 792).

* Statement of Quality Assurance; The test data were reviewed by the Quality Assurance Unit to assure that the
study was performed in accordance with the protocol and standard operating procedures. This report is an
accurate reflection of the raw data.

TEST MATERIAL
Description: Chemicals tested included aniline (Fisher Scientific Lot #062904; purity: 99.9% assay), copper as
copper sulfate (Argent Lot No. 0195; purity: minimum 99%), pentachlorophenol (Eastman Organic Chemicals),
lindane (Aldrich batch # 07325DD; purity: 97%), and diazinon (Chem Service Lot # 362-71A; purity: 98.2%).
Preparation of Working Stock Solution and Test Concentrations: Stock solutions of aniline,
pentachlorophenol, lindane, and diazinon, and were prepared by weighing or, in the case of aniline, measuring

volumetrically, enough of the chemical to exceed either the saturation levels in water or an amount to exceed

the estimated aqueous toxicity concentrations, and adding the chemicals to from 1L to 4L of NAS tap water in
clean, acetone-rinsed brown glass bottles fitted with Teflon® caps. Bottles were capped and the contents slowly
stirred on a magnetic stirrer at room temperature for ca. 20 hours. Target aqueous concentrations for each
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chemical were: lindane, 8.0 mg/L; pentachlorophenol, 40 mg/mL; diazinon, 40 mg/L; and aniline, 1000 mg/L.
The copper stock solution was a 1 mg/mL stock prepared on 10-27-05.

DILUTION WATER
Source: Dechlorinated municipal tap water from the City of Newport,
Dates of Preparation: A tank of dilution water was prepared prior to receipt of lampreys in the laboratory,
topped off daily as needed, and constantly aerated. Water was removed for testing, or for aerated temperature
acclimation prior to testing, on 11-9-06, 11-16-06, 11-30-06 and 12-7-06.
Water Quality: Ranges for parameters were: conductivity 110-130 pmhos/cm and alkalinity 30-40 mg/L as
CaC0;. In all batches of dilution water hardness was 51 mg/L as CaCOs, and pH was 7.2. All total chlorine
measurements were <0.02 mg/L.
Pretreatment: Dechlorinated, aerated =24 hr.

TEST ORGANISMS
Species: Lamprey, Lampetra sp.
Age; ammocoetes
Size: An initial representative subsample of six lampreys was measured after lab receipt of all animals. Pretest
lamprey ammocoetes ranged from 28 to 84 mm in length and 0.04 to 0.78 g in weight. At the end of each test,
lengths and weights were measured on all control animals and the overall means were calculated: average
length, 67 + 11 mm; average weight, 0.45 1+ 0.20 g.
Source: Cedar Creek, Siletz River, Oregon. Organisms were collected by Windward staftf and delivered to the
laboratory.
Acclimation: Lamprey ammocoetes were received on 10-17-06, 10-18-06, 10-23-06, and 10-24-06. In situ
water temperatures recorded on chain-of-custodies were 12.9°C, 12.1 °C, and 11.8°C. Average water quality
parameters measured in the receiving water at the laboratory were: Temperature, 12,0 % 1.3°C (range 10.6 -
13.6); dissolved oxygen, 8.8 + 0.6 mg/L (range 8.2 - 9.6); pH, 6.0 £ 0.6 (range 5.3 — 6.8); conductivity, 96 + 39
pmhos/cm (range 62 — 150); hardness, 31 + 11 mg/L as CaCO; (range 26 — 51); and alkalinity, 38 £ 35 mg/L as
CaCQ, (range 20 — 90},

Animals were placed in 10-gallon tanks under flow-through conditions (~35 mL/minute, or ~ 2 volume changes
per day, with one additional daily siphon and replacement of 2/3 volume of each tank). Approximately 50
lampreys were placed in each tank. Tanks contained 2-3 inches of sediment (Sandtastic Play Sand, Waupaca
Materials) covered with 26L of test water and supplied with aeration. Normal behavior for lamprey
ammocoetes is to immediately bury in sediment and remain there. If any are observed swimming around and
not burying, that indicates some sort of stress. A total of six lampreys were found dead on the sediment surface
within the first few days after receipt of animals, probably from being damaged during field sampling. Four
lampreys from the 10/18/06 batch died and two from the 10/24/06 batch died. None of these animals were able
to bury in the sediment. All other lampreys buried into the sediment and were not observed swimming in the
water column.

Since lampreys were to be held short-term (a few weeks), they were not fed during this time. Water quality
conditions for the three weeks prior to initiating the first tests (686-31 through —34) averaged: Temperature,
12.3 + 0.5°C; dissolved oxygen, 10.9 £ 0.6 mg/L; pH, 7.6 £ 0.4; conductivity, 129 + 5 pmhos/cm; hardness, 48
+ 4 mg/L as CaCQ;; and alkalinity, 44 & 9 mg/L as CaCOs. Further acclimation data for individual tests is
summarized in Appendix II. Approximately four weeks after animal receipt, remaining lampreys were fed a
yeast slurry (2 g yeast in 400 mL tap water blended for ~ 1 minute). The flow was turned off and 50 mL of
slurry was fed to each tank. Flow was resumed after 24 hours. Lampreys were then further acclimated to
remaining test temperatures.

TEST PROCEDURES AND CONDITIONS

Test Chambers: The test chambers were 2.5-gallon glass aquaria, containing 2.8L of test solution each, and
were covered with plastic lids.

Test Nos. 686-31 through 37 Page 2 of 6
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Test Concentrations: Four test concentrations and a control were used for each test. Test concentrations were
determined by 96-hr exposures of a single lamprey to each of a wide range of three to six concentrations for
each chemical. Nominal concentrations used for range-finding testing of each chemical were:

Aniline: 1000, 100, 10, 1.0 and 0 mg/L

Copper: 1.0,0.1, 0.01, 0.001, and 0 mg/L

Pentachlorophenol; 4.0, 0.4, 0.004, and 0 mg/L

Lindane: 8.0, 0.8, 0.08, 0.008, and 0 mg/L

Diazinon; 40, 4.0, 0.4, 0.04, and 0 mg/L.
Replicates/Treatment: 1 for chemical tests; 4 for ternperature tests
Organisms/Treatment: 5 for chemical tests; 20 for temperature tests
Loading: 0.38 to 1.05 g/L
Aeration: Yes
Feeding: None
Water Volume Changes: For all testing, solutions were renewed at 48 hours with fresh solution. For chemical
tests, new stock solutions were started mixing 24 hours prior to renewal.
Effects Criteria: The effect criteria used in the lamprey range-finding toxicity test was mortality, defined as a
lack of visible respiratory movement and absence of response to tactile stimulation.
Target Water Quality Conditions: Temperature, 12 + 1°C for chemical tests and 12, 17, or 22 4 1°C for
temperature tests; dissolved oxygen, = 6.0 mg/L.
Photoperiod: 16:8 hr, L:D.
Light Intensity: Light intensity for the tests ranged from 49.5 to 73.0 foot-candles. Measurements are recorded
on each test bench sheet.

DATA ANALYSIS METHODS
Percent survival was calculated for each concentration from the raw data, For temperature tests the means were
obtained for each treatment. The software employed for these calculations was Microsoft Excel 2000.

CHEMICAL ANALYSES
For the chemical exposure tests, a sample of test solution was taken directly from each test aquaria at 0-, 48-
(both old and new solutions) and 96-hours. Samples were stored at 4°C in the dark prior to shipment to
Columbia Analytical Services. Shipment of samples was generally accomplished the next work day after
sampling.

PROTOCOL DEVIATIONS
Lamprey ammocoetes were not fed during the first month of holding on the recommendation of William Swink,
M.S., Research Fishery Biologist with the USGS at Hammond Bay Biological Station. Mr. Swink has
extensive experience working with sea lamprey, including culture of larval lampreys; effects of density on
growth of larvae; and survival, growth, and feeding of newly metamorphosed lampreys. After chemical testing
was completed and holding was to continue past the initial planned time, remaining lampreys were fed a yeast
slarry based on the methods used by the USGS at Hammond Bay Biclogical Station.

Dilution water hardness was 51 mg/L as CaCO; in all baiches of test water used. This is slightly above the water
hardness listed in the QAPP (<50 mg/L). Collection site water hardness ranged from 20 - 51 mg/L.

TEST RESULTS
Water quality conditions measured in test aquaria during the 96-hr toxicity tests are summarized in Appendix IL.
The temperature specification (12, 17, or 22 + 1 °C) was met during the study for each temperature regime.
Dissolved oxygen remained near saturation throughout the test (range 8.0 — 11.2 mg/L}. The pH was within the
range of 6.8 to 7.6, and conductivity measurements were within the range of 110 to 160 pmhos/cm. Hardness
remained at 51 mg/L as CaCQ; in all tests and alkalinity ranged from 30 to 40 mg/L as CaCOQ; in all tests
except aniline (40 to 460 mg/L as CaCO,).

The daily tabulations of the numbers of surviving lamprey ammocoetes in each treatment and treatment
replicate are shown in Tables 1-7. Although not required for test acceptability in these research range-finding
tests, the 96-hr control survival was 100% for all tests in the study, meeting the standard acute test acceptability

criterion of 30%.

Test Nos. 686-31 through 37 Page 3 of 6






NORTHWESTERN AQUATIC SCIENCES

Table 1. Survival of lamprey ammocoetes, exposed for 96 hours to aniline,
Nominal Number of Lamprey Surviving Percent
Conc. (mg/L) Replicate 0-hr  24-hr  48-hr  72-hr  96-hr Survival
1,000 1 5 5 2 2 0 0.0
100 1 5 5 5 5 5 100.0
10 1 5 5 5 5 5 100.0
1.0 1 5 5 5 5 5 100.0
0 (control) 1 5 5 5 5 5 100.0

Table 2. Survival of lamprey ammocoetes, exposed for 96 hours to copper.
Nominal Number of Lamprey Surviving Percent
Cone. (mg/L) Replicate  0-hr  24-hr  48-hr  72-hr  96-hr Survival
1.0 1 5 0 0 0 0 0.0
0.1 1 5 5 5 5 2 40.0
0.01 | 5 3 5 5 5 100.0
0.001 1 5 5 5 5 5 100.0
0 (control) 1 5 5 5 5 5 100.0

Table 3. Survival of lamprey ammocoetes, exposed for 96 hours to pentachlorophenol.
Nominal Number of Lamprey Surviving Percent
Cone. (mg/L) Replicate  0-hr  24-hr  48-hr  72-hr  96-hr Survival
4.0 1 5 0 0 0 0 0.0
0.4 1 5 0 0 0 0 0.0
0.04 1 5 5 5 5 5 100.0
0.004 1 5 5 5 5 5 160.0
0 (control) 1 5 5 5 5 5 100.0
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Table 4. Survival of lamprey aminocoetes, exposed for 96 hours to lindane.

Nominal Number of Lamprey Surviving Percent
Conc. (mg/L) Replicate  0-hr  24-hr  48-hr  72-hr  96-hr Survival
8.0 1 5 0 0 0 0 0.0

0.8 1 5 5 5 5 5 100.0
0.08 1 5 5 5 5 5 100.0
0.008 1 5 5 5 5 5 100.0

0 {control) 1 5 5 5 5 5 100.0

Table 5. Survival of lamprey ammocoetes, exposed for 96 hours to diazinon.

Nominal Number of Lamprey Surviving Percent
Conc. (mg/L) Replicate  0-hr 24‘-hr 48-hr  72-hr  96-hr Survival
40 ; 5 5 0 0 0 0.0
4.0 1 5 5 5 5 5 100.0
04 1 5 5 5 5 5 100.0
0.04 1 5 5 5 5 5 100.0

0 (control) 1 5 5 5 5 5 100.0

Table 6. Survival of lamprey ammocoetes, exposed for 96 hours to 17°C.

Temperature Number of Lamprey Surviving 96-hr % Survival
(°C) Replicate 0-hr  24-hr  48-hr  72-hr  96-hr Replicate  Mean
17 1 5 5 5 5 5 100.0
2 5 5 5 5 5 100.0
3 5 5 5 5 5 100.0
4 3 5 5 5 5 100.0 100.0
12 I 5 5 35 5 5 100.0
{control} 2 5 5 5 5 5 100.0
3 5 5 5 5 5 100.0
4 5 5 5 5 5 100.0 100.0
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Table 7. Survival of lamprey ammocoetes, exposed for 96 hours to 22°C.
Temperature Number of Lamprey Surviving 96-hr % Survival
°C) Replicate 0-hr  24-lw 48-hr 72-hr  96-hr Replicate  Mean
22 i 5 5 5 5 5 100.0
2 5 5 5 5 4 80.0
3 5 5 5 5 5 100.0
4 5 5 5 5 5 100.0 95.0
12 1 5 5 5 5 5 100.0
{control) 2 5 5 5 5 5 100.0
3 3 5 5 3 5 100.0
4 5 5 5 5 5 100.6 100.0
STUDY APPROVAL
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TEST PROTOCOL

LAMPREY (LAMPETRA sp.)
RANGE-FINDING TOXICITY TEST

1. INTRODUCTION

1.1 Purpose of Study: The purpose of this test is to perform range finding testing to determine the
concentrations of specific chemicals that should be used for definitive testing to determine acute
toxicity. The test employs lamprey (Lampetra sp.y ammocoetes. This testing is research based rather
than for regulatory purposes and changes to procedures may occur as the study develops.

1.2 Summary of Method: Juvenile lampreys (ammocoetes) are exposed for 96 hours to a wide range
of concentrations of several specific chemicals in order to find the concentrations that should be used
for further testing to determine acute toxicity levels, The range-finding tests will be static-renewal.
The test chambers are covered glass containers, each holding a volume of solution large encugh to
prevent loading from exceeding 1.1 g/I.. For this range finding one replicate test chamber with five
ammocoetes is employed at each of three or more test concentrations. A dilution water control is also
run for each test, and a solvent control is also run if a solvent is required for a specific chemical. If
there is a surplus of animals available, two replicates per concentration with five animals per replicate
may be employed. Mortality is the effect criterion.

2. STUDY MANAGEMENT

2.1 Sponsor's Name and Address:
Windward Environmental LLC
200 West Mercer Street, Suite 401
Seattle, WA 98119

2.2 Sponsor's Study Moenitor:
Ms. Helle Andersen

2.3 Name of Testing Laboratory:
Northwestern Aquatic Sciences

3814 Yaquina Bay Road P.O. Box 1437
Newport, OR 97365

2.4 Test Location: Newport Laboratory

2.5 Laboratory's Personnel to be Assigned to the Study:
Study Director: Gary Buhler

Quality Assurance Officer: Linda K. Nemeth

Aquatic Toxicologist: Gerald Irissarri

Aquatic Toxicologist: Michele Redmond

2.6 Proposed Study Schedule: Range finding tests should begin within two to three weeks of
ammocoetes collection, Part of the study is to determine whether lamprey ammocoetes can be held
in the laboratory prior to testing,
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2.7 Good Laboratory Practices: The test is conducted following the principles of Good Laboratory
Practices (GLP) as defined in the EPA/TSCA Good Laboratory Practice regulations cffective
December 29, 1983 (40 CFR Part 792).

3. TEST MATERIAL

‘For this study, six chemicals are to be tested if there are sufficient animals and chemicals can be
obtained and put into solutions successfully. Copper, naphthalene, pentachlorophenol, lindane,

*  diazinon, and aniline are the chemicals to be tested. These chemicals were selected to represent a
range of toxic mode of actions. The chemicals will be purchased by NAS. If the number of
ammocoetes is limited then chemicals will be tested in the order listed above. The nominal
concentrations prepared for each chemical by the laboratory will be confirmed by chemicals
analyses. Water samples will be collected from the control and each test concentration at test
initiation and termination in bottles supplied by Columbia Analytical Services. Samples will be
shipped via overnight carrier to CAS within 24 hours of collection.

4, DILUTION WATER

Dilution water is dechlorinated municipal water from the City of Newport.

5. TEST ORGANISMS

5.1 Species: Lamprey, Lampetra sp.

5.2 Source: Lamprey will be collected from the Siletz River by Windward Environmenta} and
transported to NAS. '

5.3. Age: ammocoetes (juveniles)

5.4 Acclimation and Pretest Observation: After receipt of fish at the laboratory, they will be sorted
into holding tanks supplied with ~4-6 cm of fine sand, flowing water (dilution water), and aeration.
The flow rate will depend on the number and size of the ammocoetes received. Animals will be
held for two — three weeks prior to testing. During holding, ammocoetes will be fed yeast and, if
necessary, a larval fish food weekly or at a frequency that appears to be appropriate based on
observations of laboratory staff. After two weeks of holding, ammocoetes should appear disease-
free and unstressed, with fewer than 5% of the organisms dying during the 24 to 48 hours prior to
testing. To determine the loading rate and test chamber size, the wet weigh of approximately 10
ammocoetes will be measured before test initiation.

Care must be used to ensure that fish are not subjected to unusual handling or environmental stress
either before or during the testing period. Ammocoetes should burrow into the substrate. Fish
should be handled only the minimum necessary using suitable dip nets and should not be subjected
to more than a 3°C temperature change during any 12-hour period. The dissolved oxygen level
must be maintained at a level of 6.0 mg/L or greater. During holding, loading of fish in aquaria
should not exceed 10 g/L, and holding water should be replaced at a minimum rate of 2 tank
volumes per day. Fish are shielded from any unusual visual stress and treated with a photoperiod of
16 hours light and 8 hours darkness. A daily log of feeding, behavioral observations, mortality, and
water quality should be maintained.
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6. DESCRIPTION OF TEST SYSTEM

6.1 Test Chambers and Environmental Control: Test chambers are glass containers capable of
holding a volume large enough to prevent loading from exceeding 1.1 g/L. Test chambers should
be covered. Test chambers are maintained at constant temperature by partial immersion in a
temperature-controlled water bath or by holding in a constant temperature room. The system is
maintained in a photoperiod-controlled room or enclosure. Aeration is not required unless
dissolved oxygen concentration-falls below 6.0 mg/L. Aeration rate should not exceed 100
bubbles/minute. If aeration in required, all containers are aerated by slow bubbling of oil-free
compressed air through 1 ml disposable pipets.

6.2 Cleaning: All laboratory glassware, including test chambers, is cleaned as described in EPA-
821-R-02-012. New glassware and test systems are soaked 15 minutes in tap water and scrubbed
with detergent (or cleaned in automatic dishwasher); rinsed twice with tap water; carefully rinsed
once with fresh, dilute (10%, V:V) hydrochloric or nitric acid to remove scale, metals, and bases;
rinsed twice with deionized water; rinsed once with acetone to remove organic compounds (using a
fume hood or canopy); and rinsed three times with deionized water. Test systems and chambers are
rinsed again with dilution water just before use;

7. EXPERIMENTAL DESIGN AND TEST PROCEDURES

7.1 Experimental Design: The test involves exposure of lamprey ammocoetes to a series of three to
five test concentrations and a dilution water conirol. Exposures are for 96 hours. Each treatment
consists of one test chamber each contatning five fish. Total randomization is used for the
placement of containers in the temperature-controlled room. Test organisms are impartially
distributed to the test chambers by adding one to two animals to each chamber and repeating the
process until each contains 5 organisms,

7.2 Effect Criterion: The effect criterion used in the lamprey biocassay is mortality, defined as a
lack of visible respiratory movement and absence of response to tactile stimulation.

7.3 Test Conditions: The test temperature employed is 124 1°C. The photoperiod is 16 hours of
light and 8 hours of darkness. Illumination is supplied by ambient laboratory lighting. The
dissolved oxygen concentration in each test container must be greater than 6.0 mg/L throughout the
test. Test containers are gently aerated if required to maintain the oxygen level. If aeration is
employed, all containers are freated equally. In the 96-hr test, the test solutions are renewed at 48
hours at a minimum (more if needed for purposes of specific chemicals in solutions). Loading must
not exceed 1.1 g/L..

7.4 Preparation of Test Solutions: Each chemical stock solution is prepared by manual mixing with
dilution water to prepare a series of test concentrations. The test dilutions are brought to the test
temperature by partial immersion of the test containers in a water bath and, if necessary, are gently
aerated until the dissolved oxygen concentration is 6.0 mg/L or greater. A solvent may be required
to get some of the chemicals into solution. '

7.5 Beginning the Test: The test is begun by adding the organisms to the equilibrated test
containers as previously described.

7.6 Feeding: Animals are fed weekly during holding. If deemed necessary, animals will be fed
prior to the 48-hour renewal.
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7.7 Test Duration, Type and Frequency of Observations, and Methods:
"The test duration of the range finding toxicity test is 96-hours. The type and frequency of
observations to be made during the test are summarized as follows:

Type of Observation Times of Observation

Biological Data
Survival {in each test container) Daily

Physical and Chemical Data

Temperature and dissolved oxygen Daily
pH Beginning, at renewal, end
Hardness and alkalinity Beginning and end

Sample for chemical measurement
(each concentration and control) Beginning and end

During the test, dead organisms are removed at least every 24 hours. Dissolved oxygen is measured
in each stock test solution using a polarographic oxygen probe calibrated according to the
manufacturer's recommendations. The pH is also measured in each stock test solution using a pH
probe and a properly calibrated meter with scale divisions of 0.1 pH units. Temperature is
measured with a calibrated mercury thermometer or telethermometer. Conductivity is measured
with a conductivity meter. Hardness and alkalinity are measured using Hach test kits.

7.8 Test Acceptability Criterion: In a range finding test with only five animals in the control, the
standard acute control survival criterion of 90% is not realistic. If one animal dies randomly, the
test would not meet the criterion. Test acceptability will at the discretion of the study director.

8. DATA ANALYSIS

The data generated from the range finding test will be used to estitate the concentrations to be used
in later definitive test. Percent survival is calculated for each treatment replicate, and, if thére is
more than one replicate per concentration, the means are obtained for each treatment level. An
LC50 is calculated using Probit, Spearman-Karber, or Trimmed Spearman-Karber method.

9. REPORTING

The final report of the test results must include all of the following standard information at a
minimum: name and identification of the test; the investigator and laboratory; information on the
test material; information on the dilution water; detailed information about the test organisms; a
description of the experimental design and test chambers and other test conditions including water
quality; definition of the effect criteria and other observations; responses, if any, in the control
treatment; tabulation and statistical analysis of measured responses; a description of the statistical
methods used; any unusual information about the test or deviations from procedures.
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10. STUDY DESIGN AL TERATION

Amendments made to the protocol must be approved by the sponsor and study director and should
include a description of the change, the reason for the change; the date the change took effect, and
the dated signatures of the study director and sponsor. Any deviations in the protocol must be
described and recorded in the study raw data.

11. REFERENCE TOXICANT

Reference toxicant testing is not practical or required with range finding testing for research
purposes.

12. REFERENCED GUIDELINES

ASTM. 1996. Standard guide for conducting acute toxicity tests on test materials with fishes,
macroinvertebrates, and amphibians. E729-96. American Society for Testing and materials,
Philadelphia, PA.

EPA.2002. Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to
Freshwater and Marine Organisms (Fifth Edition). EPA-821-R-02- 012 Office of Water, US
Environmental Protection Agency, Washington, D.C.

13. APPROVALS

for Windward Environmental
Name Date

for Northwestern Aquatic Sciences

Name Date
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NORTHWESTERN AQUATIC SCIENCES . PROTOCOL NO. NAS-686-Lamprey-rf

LAMPREY SURVIVAL RANGE-FINDING TEST

AP

: &
Test No. 686- B‘ " Client Windward Investigator

STUPY MANAGEMENT: _
Client: Windward Environmental, 200 West Mercer Street, Suite 401, Seattle, WA 98119
Client's Study Monitor:_Ms. Helle Anderson
Testing Laboratory: Northwestern Aquatic Sciences
Test Location: Newport Laboratory
Laboratory’s Study Personnel:

Project Manager/Study Director:__G.A. Buhler

QA Qfficer: LK. Nemeth I 6.3, 1RISSALEYL 63t
2. 1S, Catdie |y (xoa” 3. -
4. 5.
Study Schedule: -
%‘est Beginning: 4 —? 2 f§20 Test Ending: HY3 D / 77'0
TEST MATERIAL:
Description: Aniline Fisher Scientific Lot # 062904 ¢ puﬂl-, L99-9%  Laca )
NAS Sample No.: v 4 Y
Date of Preparation:
DILUTION WATER:
Description:  City of Newport tap water
Date of Preparation/Collection: i Gei®
Water Quality: Cond. (nmhos/cm) e pH 7
Hardness (mg/L as CaCOy) ‘= Alkalinity (mg/L as CaCQ;) & C
Total Chlorine (mg/L, DL 0.02 mg/L)_ £ G071~
T ¢ 4t Treatments: Dechlorinated. aerated > 24 hours _ . ded
. & ol & Wy P . = i Aa-t i ME o
ek of dkion waler s g ST A AR DRI SN RSP LS T o8
Species: Lampetra sp, Age/Size: 7 MO L0000 FES
Source:  Siletz River, Oregon—Cedar Creek area
Acclimation Data:
Date | Temp. ; pH DO Conductivity | Hardness | Alkalinity Total Comments
(°C) (mg/L} | (umhos/cm) (mg/L) (mg/L) Ammonia-N | (including tank #)
(mg/L)
potboalz-te |2 | ok 130 Y3 50 o.0p w7
et | 7Y | g0 | HT 1o Uy 50 P00 &7
ozl - | F | 1of r3o =y o ) 5-BH0 #7
perawe| 13 [ B | A 125~ QiYae | sw 2of |#y
ple| 123 |80 | 10y 110 Y3 SO 0] 25
ipe | -2 | PE | -1 V%D Rk Y0 ¢ of 249
i-ew (-0 129 | By | 34T 1% 40 800 |y
w2 ippd | 32103 | 3w &4 so D000 |#4
i-gwo | -8 |7 | 128 /30 57) Yo D02 (&4
v | itz |30 | 1L i3° 51 Yo 000  |y2
fsae | b 19 | WT | i3y s 57 000 Bl
Hyoe| 13.2 79| 30 120 51 30 p-oo #{
oo | 119 |33 | b ;39 5 50 Do #1)
I-goe | s (80 | M-V | Try 51 50 D-0) iz
W9 | 113 |82 | WD i1 $) yo OO0 EXY]
Mean | 1373~ |38 | 1I-0 130 U 43S 000
sb_| pG (oM | pF | 09 Y @ | goo
™ 1 v | (5)] US) L15) D N1 45
Page | of Revised 11/8/06
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey-rf
LAMPREY SURVIVAL RANGE-FINDING TEST

: 0,\@0561‘4““ _
Test No. _686- ¥ Client Windward

TEST PROCEDURES AND CONDITIONS:

Test Concentrations (10% series recommended): 1,000, 100, 10, 1.0 and 0 me/L {control). All
concentrations are nominal, '
i Test Chambers (description):_2.5 gallon glass aquaria covered with plastic wrap and plastic lids
' Test Volume (mL): 2.8 1, Replicates/treatment: _1

Organisms/treatment; 5 (5/repl) Temperature (°C)_12 + 1

Test water changes: _one, at 48 hours  Aeration during test: Yes

Feeding:_None. Test Duration: 96 hr

Photoperiod (L/D): 16/3 Light intensity (R.c.): 5= J1-~4o-o( A3

Investigator

Beaker Placement: Stratified randomization

Randomization chart: Location: Room 1

/M’ j oo Jvoo | J-o | Jo J

STOCK SOLUTION PREPARATION:

P e
é;f)!l""'w

TEST SOLUTION PREPARATION:

3.7 mL of aniline stock is diluted to 3,700 mL; this is the 1,000 mg/l, concentration.
370 mL of this is then diluted to 3,700 mL; this is the 100 mg/L concentration.

This process is repeated for the 10 and 1.0 mg/L concentration.

After all solutions are mixed, 500 mL is removed for chemistry samples.

LOADING (g/L):
(weigh and meas?eégglt_h oi 30 ;thIoaé end of test) |
Le“?gt,l,’ (mm) w"if;“ fﬁ)ﬂ 059{Ai bxsHL T 2812 0.9 o)L
—— ) [
C7 0:3&
>/ 0.7
57 6.3
__&z 6.72%
AR 05y
s 6 013 |
(M [5) T (s) Page 2 of Revised 11/8/06

‘19(;4_5,@_? o{?ﬁ



NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686—Lamprey-rf

LAMPREY SURVIVAL RANGE-FINDING TEST
O AL
Test No. 686-+31 Client Windward Investigator

WATER QUALITY DATA SHEET

DAY 0 (s /9 i) /6)

wa) | 3 | | 50| i | S | |k
P el bs | e | st | qye | 5 BLL L
g lng ey B TR s |

Y a |29 gy . = =
s B

g lioy | o | s | we | Y

NOTES: Sample new solutions at each concentration and ship fo CAS.

DAY 1( I}/ io/owwh

Conc. Temp Conductivity ..
{mg/L) (°C) pH (n?gl(')L) (umhos/cm) }g‘:;f;s A&‘:}?"}w Surjiivors Comments
1,000 ' _ mel Bl
24| +4 b Guescen
100 )
124 |14 v
10
/2.3 |+ 5
1.0
J2M | F3 Y
Control
3| Y s
DAY 2 ( Y71t luf)
Cone. Temp Conductivity ..
(mg/L) (°C) pH (n]ig(/)L) {umhos/cm) I-}anr‘(gl;lss A(I;agl;z;w Surv?vors Comments
1,000 . ~ -
, . - E L vy
24| psoe | 125 | 5y | gb0 |2crg | A Sy A
00 | . : —
417y 5
10 | . o~
j 7/"{ }}f 5
1.0 ’ -
1257 3 5
Contrel | | o
Fe |5 g
NOTES: Sample pew and old solutlons at each concentration and ship to CAS.
Page 3 of Revised 11/8/06
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NORTHWESTERN AQUATIC SCIENCES . PROTOCOL NO. NAS-686-Lamprey-rf

LAMPREY SURVIVAL RANGE-FINDING TEST

: gD ity
Test No. _686-4 Client Windward Investigator

WATER QUALITY DATA SHEET

DAY 3 (I /32 o) o3t [ffee

o) | €O | P | DO G | s | Aty |y Comments

M s |9 | 1o - . F ' 7~ é(?;._;,_.v{s(..w\.i

P lewlas|ee s | Y
el T

Yol fas|ied e B

ool | o a |25 | 1oz sy : S/’
DAY 4 (I /% fops Y5 _

o) | 0 | | D0 | Geny | M | Aty | g Comments

" pspslioans | s lvvoloon |
N b ?"} ,Oi . s "7""‘;?”%1 hjh).;%{ii{‘:;;‘/
PRSI0 | arand

- las|3Yi0? Y J

Control i1 F2 134*7/ 9,, é

NOTES: Sample old solutions at each concentration and ship to CAS. Weigh and measure lengths on
control animals. .

- i e g 5
P .0,7, ot o 5 0
(N () (%) ) G 1)

Page 4 of ' Revised 11/8/06



NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey-rf

LAMPREY SURVIVAL RANGE-FINDING TEST

: 1 1w )
Test No. 686-4 Client Windward Investigator
WATER SAMPLING RECORD
NAS Sample Day Desctiption meLy| D Time | Initials Comments
& 7706~ | D2y 0 1000 | Wra=lo | {55 | sy | Suziai—
Q?EUL‘-" Day 0 100 . ;
O T2 Day0 10 47
& 56| Day 0 1.0 Qoo U
539 | Day 0 control 72 5 % Leoumia
OB Lyt~ | Day2-old 00O | ppgpoio | IoWS™ |  ply | jpoo it
4 U~ | Day 2-0ld 100 ) N "
v 41 W~ | Pay 2-0ld 10 . l ’
5413 ¢ | Day 2-old 10 ] ]

&7 1| Day 2-01d control 7 7 +
09306 | Day2-new 000 ey | 1600 £ty S e b
o831 o Day 2-new 100 A : i

0¥ 4y Lis~ Day 2-new 10 l _é
-2 Yy~ | Day 2-new 1.0 I o0 el
e Luiie | DAY 2-new controf 4 {, ot Al
0% | D4 MO v 1220 | ) | jeoonts
e P Day 4 100 | . ; i
52| Day 4 10 ] ‘ /
o Day 4 1.0 | ‘ /
03 Y Day 4 control ‘$ i &

Page 5 of Revised 11/8/06
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LAMPREY SURVIVAL RANGE-FINDING TEST

1, L@ yly ik
Test No. 636-2 Client Wlndward Investigator

STUDY MANAGEMENT:
Client: Windward Environmental, 200 West Mercer Street, Suite 401, Seattle, WA 98119
Client’s Study Monitor: Ms. Helle Anderson
Testing Laboratory: Northwestern Aquatic Sciences
Test Location: Newport Laboratory

Laboratory’s Study Personnel: 2 %
Project Manager/Study Director: _G.A. Buhler “
QA Officer: LK. Nemeth 1. &id. JRISSHRPRY 63L
" il vl W .
4, 5.
Study Schedule: F
%est Beginning: / (- Y-6b [P0 Test Ending: /ore
TEST MATERIAL: :
Description;__Copper as CuSO,e5H,0, Argent Lot No. 0195. img/ml stock prepared 10-27-05.
NAS Sample No.: { AL 3 9% Mmigrmeny
Date of Preparation: /

DILUTION WA